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SUMMARY

The purpose of this study was to determine a class of minimum-AV,
two-impulse and three-impulse abort trajectories (maneuvers) onto an
optimal lunar escape hyperbola partially specified by a fixed asymptotic
velocity vector and a minimum pericynthion. The term lunar escape means
escape from the moon's sphere of influence.

Minimum-AV, two-impulse and three-impulse orbit transfer programs
based on the accelerated gradient method were used. The programs were
of the form impulse-coast-impulse (I-C-I) and impulse-coast-impulse-
coast-impulse (I-C-I-C-I), respectively. Using these programs it was
concluded that the best solutions are the degenerate two-impulse maneuver
(C-1), T1 = T1" = Tlo and the degenerate three-impulse maneuver (C-I-C-I),
Tl = T1' = TlO which require a total AV of 1400.074 fps and 1397.173 fps,
respectively. A degenerate maneuver+is defined as a maneuver in which

the first impulse velocity vector = O.

In another study, a typical two-impulse solution (maneuver) was
determined which required a total AV of 2252.26 fps. This solution was
considered in this document as the reference trajectory for the class
of minimum-AV, two-impulse, and three-impulse abort trajectories gener-
ated by the accelerated gradient programs, and, in particular, for the
best solutions (trajectories) within this class.

The best solutions obtained by the twé—impulse and three-impulse
orbit transfer programs based on the accclerated gradient method led to
the following percentage decreases in total AV (the sum of the magnitudes
of the impulses) from the reference trajectory.

For the degenerate two-impulse, T1 = T1" = Tlo—hour maneuver there

was a 37.8 percent decrease in total AV, and for the degenerate three-
impulse Tl = T1' = Tlo—hour maneuver there was a 38.0 percent decrease
in total AV.



INTRODUCTION

If there is no shutdown during the LOI phase, the spacecraft will
be inserted into an 80-n. mi. circular orbit around the moon. However,
this study was needed in the event that a premature SPS shutdown during
the LOI phase forced a two-impulse or three-impulse abort maneuver from
a non-nominal, elliptical, lunar parking orbit.

Reference 1 documented abort procedures in the event of premature
shutdowns at various times (65, 130, 136, 148, 160, and 270 seconds)
during the required 380-second SPS burn in the LOI phase. The
document described a two-impulse abort procedure used when the delay
time from premature shutdown to the first abort maneuver was greater
than from 1 to 1.5 hours. One typical two-impulse solution, assuming
a 2-hour delay from SPS shutdown to the first abort maneuver, required
a total AV of 2252.26 fps. This solution was considered in this study
as the reference trajectory (fig. 1) for the class of minimum-AV, two-
impulse and three-impulse abort trajectories generated by the programs
based on the accelerated gradient method.

This study was performed at the request of Charles E. Foggatt,
Flight Analysis Branch, Mission Planning and Analysis Division.

The author wishes to express his gratitude for the assistance of
Ivan L. Johnson and William C. Bean in the adaptation of the accelerated
gradient method to this study.

SYMBOLS

a, a semimajor axis of the terminal escape hyperbola

E} E£ semimajor axis of the optimal terminal escape
hyperbola

gb _ semimajor axis of the elliptical lunar parking
orbit

al, a2 semimajor axis of the elliptic first and second
transfer conics, respectively

Dm declination angle of Vm

sin D sine of D
0 o o)




e, e
e
Eb
&5 €,
F

gl, g2, g3’ gh) gs

sine of D_ of ?w associated with the optimal

terminal escape hyperbola

eccentricity of the terminal escape hyperbola

minimum gilowable eccentricity of the optimal
terminal escape hyperbola

eccentricity of the eliiptical lunar parking
orbit

eccentricity of the elliptic first and second
transfer conics, respectively

- :
:E: lAVIi, the sum of the magnitudes of the
i=1

impulses

numerical value of the first, second, third, fourth,
and fifth constraints, respectively, at the
converged limit attained by the two-impulse and
three-impulse accelerated gradient programs.
The five constraints are as follows:

first constraint . . . . . . a - a. =0

second constraint.

third constraint . . . . . .. a-a=0
fourth constraint . . . . . RA - ﬁK = 0
fifth constraint r -r <0

lunar orbit insertion

apocynthion of the elliptical parkin

o]
Q
=

apocynthion of the elliptic first and second
transfer conics, respectively

bericynthion of the terminal escape hyperbola



minimum allowable pericynthion of the optimal
terminal escape hyperbola

pericynthion of the elliptical lunar parking orbit

pericynthion of the elliptic first and second
transfer conics, respectively

right ascension angle of ﬁm

right ascension angle of Vm associated with the

optimal terminal escape hyperbola

fixed initial state vector or state vector immed-
iately prior to the first impulse. The position
components are Xl’ yl, zl; and the velocity

components are Uys Vys Wy (or Xy5 ¥p» zl).

Components are in the X, Y, Z coordinate system

state vector immediately prior to the second
~ impulse. The position components are X55 Yoo
z,3 and the velocity components are d;, v;,

2
). Components are in the X,

v, (or Xps Yoo Zp
Y, Z coordinate system

state vector immediately prior to the third

impulse. The position components are x3, y3,
23; and the velocity components are ﬁ;, f;, ﬁ;
(or x_, y., z_).Components are in the X, Y, Z

3’ y3, Z3
coordinate system

selenocentric state vector at the moon's sphere
of influence of a preassigned terminal escape
hyperbola. Components are in the X, Y, Z coordi-
nate system

service propulsion system

totel elapsed time of flight at the point of the
first impulse, sec (tl = 0 at first impulse)




t2, t3 total elapsed time from the first impulse at the
point of the second impulse and third impulse,
respectively, sec

T1, fixed period of the elliptical lunar parking orbit

T1 period of the elliptic first transfer (after the
first impulse) conic. It was a variable constant
(parameter) for the class of two-impulse or
three-impulse trajectories.

T1', T1" finite value of Tl obtained when the three-impulse
and two-impulse programs, respectively, were
run with the period (first constraint) removed.
It is the exact value of T1l, for the respective
programs, which gives the smallest possible
numerical value of F.

Vm velocity vector at infinity associated with the
terminal escape hyperbola. The components in

the X, Y, 2 coordinate system are (V. )_, (V. ) ,
'z

v, V| magnitude of V_ associated with the terminal
escape hyperbola

V; magnitude of ?; assoclated with the optimal
terminal escape hyperbola

———

AVl first impulse vector whose components are Aul,
Avl, Awl

———p ——— . .

|AV1|, |AV|l magnitude of first impulse vector

AV2 second impulse vector whose components are Aug,
Av2, sz

— —

IAV2|, IAV|2 magnitude of the second impulse vector

K§3 third impulse vector whose components are Au3,
Av3, Aw3

IKV3I, [Z?|3 magnitude of the third impulse vector



>

denotes that the quantity x is a fixed scalar

constant

X denotes that the quantity x is a wvector in the
inertial moon reference X, Y, Z coordinate
system

Bl generalized coast on the first transfer conic
(between the first and second impulses)

62 generalized coast on the second transfer conic
(between the second and third impulses)

o fundamental gravitational parameter of the moon

Subscripts
0 denotes parking orbit
h denotes terminal hyperbola
METHOD

Both the two-impulse and three-impulse programs based on the
accelerated gradient method required a specified fixed initial state vector
from which the first impulse would occur. For this abort analysis a
2-hour delay time from SPS shutdown to the first abort maneuver (impulse)
was assumed, thus establishing a fixed selenocentric state vector (SVl,

figs. 1 and 2) at the first abort point (ref. 1). This state vector was
actually some point on a non-nominal, elliptical, lunar parking orbit.

Also needed in both programs was a criterion for specifying an
acceptable class of lunar escape hyperbolas. The criterion used was to
fix an asymptotic velocity vector and also a minimum allowable pericyn-
thion. The associated numerical values for the fixed asymptotic velocity
vector and a minimum allowable pericynthion were determined from the
given selenocentric state vector at the moon's sphere of influence (SVh)

of a preassigned acceptable escape hyperbola (fig. 1). Determination of
a fixed asymptotic velocity vector was deemed equivalent to the calcula-

-

tion of a velocity vector at infinity (V_) from the given state vector
—

of this preassigned escape hyperbola. In mathematical notation, RS,




- — . 4 —
vV -———’ﬁ? s, T _, where R , 6 (or 8V. ) was the given state vector and r_,
] ©’ P s ] h D

the minimum allowable pericynthion value. By entering values of both

rp and V; into the programs, an acceptable class of escape hyperbolas

was generated (specified).

Furthermore, the given escape hyperbola must be in this class (that
is, it must be an acceptable escape hyperbola). However, such a class
of hyperbolas will have at least two-degrees-of-freedom since
v;, ;£'--——*.(Vw)x’ (Vw)y, (Vw)z’ e > e =— at least two-degrees-of-
freedom (exactly six independent parameters must be specified, with L

fixed, in order to fix the escape hyperbola). Therefore, the programs
will select the optimal acceptable escape hyperbola where optimal means
minimum-AV.

Finally, in both programs, a period parameter, T1l, was used in con-
Junction with the first transfer (after the first impulse) conic. Such
a period parameter was used to insure that the first transfer conic be
closed (that is, elliptical). In other words, using the period, the
first transfer conic was not permitted to be parabolic or hyperbolic
at the converged limit attained by the programs because it was antici-
pated that otherwise the second impulse might tend to occur at infinity.

The mathematical form of the two-impulse and three~impulse orbit
transfer programs based on the accelerated gradient method was as

follows: n
—
Set F = z lav)
i=1

where n = 2 and 3, respectively, for the two-impulse and three-impulse

.th |
programs and |EV|i is the magnitude of the i impulse.
Minimize F subject to the following five non-linear constraints:

l. a, - a. =0




where (1) is the period constraint on the first transfer conic; (2)
through (4) are constraints on'f: (spherical coordinates with respect to
the celestial equator and the vernal equinox); and (5) is the minimum

allowable pericynthion constraint.

With respect to the first constraint, the formula

_ d 3
Tl = 2% al/um

was used to relate aq the semimajor axis of any first transfer ellipse,
to the period, Tl. When T1 = T1 (Ti-being an input number to the pro-

gram) , a, = EI: The second constraint specifies the desired declina-

- —————
tion of Vw, D_, with sin D_ an input number. The third constraint
specifies the desired magnitude of $m, E.being the semimajor axis of

the terminal escape hyperbola and an input number. The formula

1.2 ¥
a R M
1 _Voo —
reduces to 3" T as R > « where V_ = |le
m

thus giving the relationship between V_ and a. The fourth constraint
specifies the desired right ascension of Vw, RA, with RA an input to the
program; and the fifth constraint specifies the minimum allowable peri-

cynthion, rp, ;; being entered into the program.

The programs seek an optimal solution by iterations on the control
parameters which are the inertial moon reference components of the

Zﬁz (ith impulse vector) and generalized (as given by Battin's theory)

coast on each transfer conic. At the converged limit attained by the
programs each constraint will be satisfied to the numerical accuracy
of the computer (IBM 7094 - Double Precision).

>
Al]l vector quantities such as Kvi and V_ are in the inertial moon

reference coordinate system (X, Y, Z) where the occupied focus for all
conics obtained by the programs (including the elliptical parking orbit)
is the moon's center. In both programs a fixed starting point (initial




state vector) from which the first impulse would occur was specified

(by R., V.) on the fixed elliptical parking orbit. Also from the

1’1

given selenocentric state vector at the moon's sphere of influence (SVh)
of a preassigned terminal escape hyperbola, the desired asymptotic
velocity vector, %w, was computed and entered into the program by means

of the fixed gquantities sin Dw, E, and RA. Further, ;é, the minimum

allowable pericynthion of the optimal terminal hyperbola, was computed
from this state vector and entered into the program. Since
|

sin D_.# 0 and ;P was greater (numerically) than (r_)., the pericynthion

p'0’
of the fixed elliptic parking orbit, the trajectories are best described
as non-coplanar, minimum-AV, two-impulse (I-C-I) and three-impulse
(I-C~-I-C-I) orbit transfers from an inner ellipse to an outer

Vm vector. The control parameters for both programs are the inertial
moon reference components of the Zvi (ith impulse vector) and the
generalized coast on each transfer conic, denoted by Bi (i transfer

th
conic).

The following schematic sketches describe the two-impulse and three-
impulse maneuvers:

(a) Two-impulse maneuver (I-C-I)

— —
AV, AV,
|
e 8 l . e |
v
—r e — > o
Rys V] (T1) R, A

where Ti} the period of the first transfer conic, takes on a range of

Valﬁes, and ﬁ;} Vi’ (i = 1, 2) denotes the state vector immediately
.th

—
prior to the i impulse, Vi'
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(b) Three-impulse maneuver (I-C-I-C-I)

N V. N
1 o 3
/ BT i B3 —
v
— e e —_— - . _—r e
Fo ¥y (T1) Rys Vs Ry Vg

where EI} the period of the first transfer conic, takes on a range of

P -
values and ﬁ;; Vi’ (i =1, 2, 3) denotes the state vector immediately

prior to the ith impulse, AVi.

Figure 1 describes the reference trajectory (ref. 1) used in this
study. Figure 2 (ref. 2) describes a typical minimum-AV, three-impulse
transfer sequence where conic #0 is the elliptical parking orbit in the

programs used in this document. ‘

Table I presents a summary of solutions obtained in both the two-
impulse and three-impulse programs over the period range T1 = 8, 20, 30,
hO, 50, 60, and 70 hours. Because the numerical value of F seemed to taper

off for T1 = T1 = 40 and 50 hours, the programs were run with the period
(or first) constraint removed. It was thought that by doing this the
two-impulse and three-impulse programs would have an extra-degree-of-
freedom to optimize the period Tl; that is, both programs would have thre
freedom to select the exact value of Tl which would give the smallest
possible numerical value of F (the sum of the magnitudes of the impulses).
This implies that the programs would have the freedom to choose the
optimal first transfer conic while minimizing F subject to getting on a

specified Vm (with minimum allowable hyperbolic pericynthion) by means

of the two- or three-impulses.

The optimal value of Tl selected could conceivably have been very
large, Tl + = (a parabola). However, when the modified programs were
actually run, the optimal values of Tl turned out to be finite. 1In
particular, the optimal values were T1" = 46.48798 (finite, two-impulse
case) and T1' = L46.L48817 (finite, three-impulse case). Furthermore,
T1" = T1,, T1°' T1,, and Tl = 46.48918. The deviation from an ideal

maneuver (Tl = =) was more pronounced than previously predicted.

1
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The numerical closeness of T1" and T1' to Tlo, the period of the
parking conic, appeared to be more than a coincidence. Therefore, as a
test case, the period constraint (for the first transfer conic) was put
back into both programs with T1 = T1 = TlO. Comparing the results
obtained from the modified two- and three-impulse programs (in which the
period constraint was deleted) and the respective programs with the
period constraint contained such that T1 = Tlo, it was noted that the

optimal trajectories (maneuvers) and numerical values of F obtained
were the same, within computer accuracy. It was concluded that T1" = Tl

for the two-impulse case and T1' = Tlo for the three-impulse case, and 0

more importantly, the trajectories and values or F obtained were the
same in each case.

Furthermore, 1t appeared that the optimal trajectories (maneuvers)
generated in the T1 = T1  cases (two-impulse and three-impulse) were of

a degenerate type in that the first impulse (KV&) tended to vanish. As

a test case for the three-impulse, T1 = T1 degenerate-type trajectory,

09
a two-impulse program with an allowable initial coast (C-I-C-I; starting

—_ -
point at R._, Vl’ with no period constraint) was implemented, using as an
initial guess the three-impulse, Tl = Tlo, degenerate-type maneuver.

The optimal trajectory achieved by the two-~-impulse, C-I-C-I program was
the same, within computer accuracy, as the optimal, three-impulse,
T = Tlo, degenerate-type maneuver. Therefore, it may be concluded

that the optimal, three-impulse, Tl Tlo, degenerate-type maneuver is

—

a C-I-C-I, two-impulse trajectory (AVl = 0). Similarly, it follows that
the optimal, two-impulse, Tl = Tlo, degenerate-type maneuver is a C-I,

one-impulse trajectory (Zﬁl = 0) by comparing the order of magnitudes of

|E71| in the degenerate two-impulse case and degenerate three-impulse

case,

Results obtained with the period constraint removed and Tl = Tl . are
included in table I. Table II shows the relationship of F to Tl for all
values of Tl attempted thus far in the two-impulse (I-C-I) and three-impulse
(I-C-I-C-I) programs. Figure 3 shows velocity expenditure as a function
of T1.

The programs could have chosen a hyperbolic first transfer conic.
Furthermore, under some sets of initial conditions (specified o?
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minimum pericynthion, etc.), the impulse programs could choose optimal
parabolic or hyperbolic first transfer conics. If the first transfer
conic selected was parabolic or hyperbolic, it might or might not force
the second impulse to occur at .

The initial data for the two-impulse (I-C-I, 7-parameter) and
three-impulse (I-C-I-C-T, ll-parameter) programs are shown in table III.

DISCUSSION OF SOLUTIONS AND CONCLUSIONS

The three-impulse maneuvers led to the following percentage decreases
in F (the sum of the magnitudes of the impulses) from two-impulse maneuvers
with the same period. For Tl = 8 hours, there was a 30 percent decrease
in F; for Tl = 20 hours, a 3 percent decrease; and for Tl = 30 hours, a
1.25 percent decrease. For Tl = L0 hours, TlO hours, T1" hours and

T1' hours (obtained by deleting g, in the two-impulse and three-impulse

programs, respectively), 50 hours, 60 hours, and TO hours there was
effectively no decrease in F (decreases of the order of 0.1 percent). How-
ever, the optimal three-impulse maneuvers (solutions) for periods of 8 hours,

20 hours, and 30 hours are not acceptable because (rp)l’ the pericynthion
altitude of the first transfer conic, had a numerical value smaller than
the mean lunar radius (938.L49256551 n. mi.), in earh rase. Footnote

notation, b, in table I designates the unacceptable values of (rp)l-

H

The two~impulse maneuver for Tl 8 hours is not acceptable for the
same reason. Therefore, for T1 = 8 hours it would be necessary to input

an additional constraint on the pericynthion (rp)l in the three-impulse

program. By doing this, it is likely that the value of F would increase
to approximately that attained in the two-impulse, 8-hours case (itself
unacceptable). Similarly placing an additional constraint on (rp)l

in the three-impulse, Tl = 20 hour- and Tl = 30 hour-cases would probably
increase the values of F to approximately those attained by the two-impulse
programs for the corresponding periods (themselves acceptable). Since
there was no effective decrease in F in the optimal three-impulse maneuvers
from the optimal two-impulse maneuvers for periods of Tl = 40 hours and
larger, and noting (from the tables and fig. 3) that the value of F is

minimal at T1 = T1" = Tlo in the two-impulse program and at T1 = T1' = Tlo

in the three-impulse program, it can be concluded that the best minimum F

solution is either the degenerate, two-impulse, T1 = T1" = TlO maneuver or
the degenerate, three-impulse, T1 = T1' = Tlo maneuver. The second impulse
(AV_) becomes very small for the degenerate, three-impulse, T1 = T1' = Tl

2 0
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naneuver and for three-impulse maneuvers of Tl = 40 hours and larger. As
a result it was concluded that the best solutions to the problem of
determining a class of minimum-AV, two-impulse and three-impulse abort
trajectories onto an optimal lunar escape hyperbola partially specified
bv a fixed asymptotic velocity vector and minimum pericynthion are the

degenerate two-impulse, T1 = T1" = T1, maneuver, and the degenerate

three-impulse, T1 = T1' = Tlo maneuver, and possibly the two-impulse,

11 = 40 maneuver (see tables I and II). The two-impulse, T1 = L0

maneuver, however, has a value of (rp)l barely larger than the lunar

radius (approximately 20 n. mi.) and thus may or may not be acceptable.

CONCLUDING REMARKS

When the first transfer conic was permitted to be either parabolic
or hyperbolic (by deleting the period constraint in the programs), the
second impulse did not occur at =, but at some point reached after.a
finite coast along this first transfer conic. Therefore, by'd§let1ng
the period parameter, it might yet be possible to obtain a m}nlmumTAV
solution where the program has the freedom to select the optimal first
tpransfer conic whether it be an ellipse, varabola, or hyperbola: .
Further, if the input period parameter is allowed to become arbitrarily

3
a . ©
large, using the formula T1 = 27 V'E— , it can be seen as Tl > =, a » «.

This case (Tl = =) would correspond to forcing the first transfer conic
to be a parabola. Of course, entering an arbitrarily large period
into the program would lead to numerical problems (of the first order).

Perhaps entering e = 1 (where e denotes the eccentricity of the first
transfer conic) in place of Tl = «, by means of the constraint

e - e = 0, would accomplish the same purpose. It might be possible

to obtain a minimum-AV solution for this case. Also, the unconstrained
second transfer conic, considered in the three-impulse orbit transfer
program, could be parabolic, hyperbolic, or elliptic. Again, given

the freedom to select the optimal second transfer conic by means of -
the second impulse, the program may be able to obtain a minimum-AV
solution (second impulse does not occur at «) or the program may not
attain a converged limit due to the second impulse tending to «. In
any case, the importance of the period parameter (or period constraint)
in impulsive orbit transfer programs is deserving of further study.
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TABLE IT.- VELOCITY EXPENDITURE FOR VARIOUS PERIODS

OF THE FIRST TRANSFER CONICS

(a) Three-impulse (I-C-I-C-I)%

Period of the Velocity
1st transfer conic, expenditure, F,
T1l, hr fps
8 L4o1k.32438505

20 1914.48691

30 1574 .078653

40 14h43.79459792
©)6.48817 (T1') 1397.17315781
€46.48918 (T1,) 1397 .17367967

50 1hok , 60kko120

60 1486.01091917
70 1530.38192903

(b) Two-impulse (I-C-I)®

8 5678.118571k41
20 1972.335078
30 1594 ,470658
Lo 14k, 0oko23
)6.48798 (T1") 1400.074149LT
°46.48918 (11,) 1400.07479176
50 1L25.80L428
60 1487.04541056
70 1532.30173953

%Indicates impulse sequence; I = impulse, C coast.
bResulting from deleting first constraint.

Cperiod of parking orbit.



TABLE ITI.- INITTAL DATA FOR TWO-IMPULSE™

AND THREE-IMPULSEb PROGRAMS

(a) Fixed elliptic lunar parking orbit

FPixed initial state vector (SVl):

Xla
e.r.
n. mi.

yl’
e.r.
n. mi.

e.r./hr.
fps.

v =8,
e.r./unr.
fps.

i

e.r./hr.
fps.

a7—parameter.

bll—parameter.

0.86070365
2964 ,2062

0.85888027
2957.9266

0.34261064
1179.9283

0.512751k46
2980.4730

0.14697792
854.3393

-0.00976763
-56.7763h2

2.237557111
8181.30912958

0.875L47398

46.48918L42




1¢

TABLE III.- INITIAL DATA FOR TWO-IMPULSE"

b

AND THREE IMPULSE™ PROGRAMS - Continued

(a) Fixed elliptic lunar parking orbit - Concluded

a7—para.meter.

b1l—para.meter.

~0.295820L42
1018.78587956

L.45532180
15 343.83237900

0.272506
938.49256551

1.26327675
4350 .64122647

0.533k9036
3101.02207217
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TABLE III.- INITIAL DATA FOR TWO-IMPULSE™

AND THREE—IMPULSEb PROGRAMS -

(b) Class of terminal escape

aY—parameten
b
ll-parameter.

®See constraints 2-5,

Concluded

hyperbolas®

-0.71530711
-2L63.47017971

0.58510L488
3401.0L207889

0.46038510

1.3303722

0.35376753
1218.3518778k



SV

h
t3
Avl = 800,00 fps Initial orbit:
a=d151.5093 n. mi.
AV, =1452.26 fps e=0.37547398 att)
Total AV =2252.26 fps i=148.38377°
intermediate orbit;
t, =23.93432 hr
1 a=4071.0751 n. mi.
t, =37.55932 hr e=0.732642/3 at t,
t, = 50.764203 br i=148.59948°

SV, = selenocentric state vector at first abort point

SVh = selenocentric state vector at LSOI

Figure 1.- Reference trajectory.



HYPERBOLIC
ASYMPTOTE

-Y
#0 ELLIPTICAL LUNAR PARKING ORBIT
#1 1ST TRANSFER ELLIPSE
#2 2ND TRANSFER ELLIPSE
#3 TERMINAL HYPERBOLA
SVl, SV2, SV3 POINTS OF APPLICATION OF 1ST, 2ND, AND 3RD IMPULSES
A_\TI, AV, A“v“3 1ST, 2ND, AND 3RD IMPULSES
APl’ AP2 APOCYNTHION POINTS OF LST AND 2ND TRANSFER CONICS
Pl’ P2, P3 PZRICYNTHION POINTS OF 1ST TRANSFER CONIC, 2NDSFER
TRANSFER CONIC, AND TERMINAL HYPERBOLA
Figure 2.- Geometry for a typical minimum AV, three-impulsc transfer sequence.
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